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Description 

RACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to the purifica- 
tion of carbon nanotubes, and more particularly, to a 
method of purifying carbon nanotubes in a gas phase by 
thermal treatment 

2. Description of the Related Art 

[0002] Carbon nanotubes have miniature cylindrical 
structures with a diameter on the order of a few nanom- 
eters and an aspect ratio of 10 to 1000. Carbon nano- 
tubes have a honeycomb-like hexagon pattern in which 
each carbon atom is combined with three neighboring 
carbon atoms. Also, carbon nanotubes can function as 
either a conductor, like metals, or a semiconductor, 
according to their structures, and thus application fields 
of these carbon nanotubes are expected to be exten- 
sive. 

[0003] Recently, a variety of approaches which ena- 
ble the synthesis of carbon nanotubes on a mass pro- 
duction scale have been suggested. However, almost all 
existing techniques produce other carbonaceous 
byproducts as desired carbon nanotubes are grown. 
Also, according to a variety of processing conditions, for 
example, which catalyst or film material is used for the 
synthesis of carbon nanotubes, crude carbon nano- 
tubes may include excess impurities including transition 
metal particles, transition metal derivatives, amorphous 
carbon, fullerenses, carbon nanoparticles or graphite. 
[0004] In particular, an electrical discharging tech- 
nique used to form multi-shelled carbon nanotubes can 
cause a large amount of carbon nanoparticles as 
byproducts. In addition, plasma or thermal chemical 
vapor deposition (CVD), although the amount of carbon 
nanoparticles is less compared to the electrical dis- 
charging technique, still produces byproducts, such as 
carbon nanoparticles or amorphous carbon on the sur- 
face or sides of carbon nanotubes, and transition metal 
particles at the tips of carbon nanotubes. 
[0005] To apply carbon nanotubes to field emission 
displays (FEDs), vacuum fluorescent displays (VFDs) or 
white light sources, such unnecessary byproducts must 
be removed through purification. 
[0006] A number of purification techniques, such as 
filtering, chromatography, ultrasonic cleaning, centrifu- 
gal separation and the like, were utilized to remove the 
above-listed impurities from crude carbon nanotubes. 
However, these conventional techniques are compli- 
cated and consume much time. Moreover, a relatively 
large lump of byproducts can be eliminated from the 
crude carbon nanotubes, while leaving miniature car- 
bon nanoparticles and transition metals at the surface 
or sides of carbon nanotubes, and thus a purification 



yield is very low. 

[0007] In another conventional technique, which 
was described in Japanese Patent Application No. hei 
5-133048, carbon nanotubes were purified by oxidation 

5 in an oxidative gas atmosphere, i.e., in oxygen or water 
vapor. This method is based on a difference in chemical 
reactivity at a molecular level between pentagons and 
hexagons in graphite which constitutes the outer walls 
of carbon nanotubes. However, it is very difficult to con- 

io trol the optimum reaction temperature and time for the 
purification, and carbon nanotubes are also oxidized 
with time, thereby lowering yield. 
[0008J Japanese Patent Laid-open Publication No. 
Hei 8-12310 described a process for purifying carbon 

is nanotubes comprising combining a mixture of carbon 
nanotubes and accompanying carbon impurities with a 
reagent selected from the group consisting of oxidation 
agents, nitration agents and sulfonation agents in the 
liquid phase, and chemically reacting the mixture with 

20 the reagent in the liquid phase. This purification can be 
performed at low temperatures, but the chemical reac- 
tion in the liquid phase takes much time - 2 to 6 hours, 
and subsequent filtering, cleaning and drying processes 
are needed. In a certain case, further neutralization in a 

25 basic solution and a subsequent cleaning process must 
be performed. As a result, the purification process 
becomes complicated with increased processing time. 

SUMMARY OF THE INVENTION 

30 

[0009] It is an objective of the present invention to 
provide a method of purifying carbon nanotubes, in 
which a variety of impurities can be removed from crude 
carbon nanotubes in a simple and rapid way. 

35 [0010] The object of the present invention is 
achieved by a method of purifying carbon nanotubes, 
comprising purifying carbon nanotubes using an acid 
gas thermally decomposed in a diffusion furnace having 
a tube for thermal treatment 

40 [0011] Preferably, hydrochloric acid gas or nitric 
acid gas is used as the acid gas. 
[0012] Preferably, purifying carbon nanotubes is 
carried out for 10 to 30 minutes. 
[0013] Preferably, purifying carbon nanotubes com- 

45 prises supplying the acid gas along with a diluent gas 
into the tube. The diluent gas may be hydrogen gas. 
[0014] Preferably, the carbon nanotube purification 
method further comprises, before purifying carbon nan- 
otubes, a ramp-up step of raising the temperature of the 

so tube, while supplying an inert gas into the tube. The car- 
bon nanotube purification method may further com- 
prise, after purifying carbon nanotubes, a ramp-down 
step of reducing the temperature of the tube, while sup- 
plying an inert gas into the tube. Preferably, argon gas is 

55 used as the inert gas. 

[0015] The simple purification method according to 
the present invention is able to effectively remove vari- 
ous types of impurities within a short period of time, with 
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an excellent degree of purification and high yield. 

RRIFF DESCRIPTION OF THE DRAWINGS 

[0016] The above objective and advantages of the 
present invention will become more apparent by 
describing in detail preferred embodiments thereof with 
reference to the attached drawings in which: 

FIG. 1 is a vertical sectional view showing the con- 
figuration of a diffusion furnace applicable in purify- 
ing carbon nanotubes according to the present 
invention; 

FIG. 2 is a timing chart for illustrating the control of 
temperature in a preferred embodiment of a 
method of purifying carbon nanotubes according to 
the present invention; and 
FIG. 3 is a timing chart for illustrating the pulsing of 
gas in the preferred embodiment of the method of 
purifying carbon nanotubes according to the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0017] The present invention will now be described 
more fully with reference to the accompanying draw- 
ings, in which preferred embodiments of the invention 
are shown. This invention may, however, be embodied 
in many different forms and should not be construed as 
being limited to the embodiments set forth herein. 
Rather, these embodiments are provided so that this 
disclosure will be thorough and complete, and will fully 
convey the concept of the invention to those skilled in 
the art. 

[0018] The configuration of a diffusion furnace, 
which can be employed in a method of purifying carbon 
nanotubes according to the present invention, is illus- 
trated in FIG. 1 . In the diffusion furnace shown in FIG. 1 , 
thermal treatment of carbon nanotubes is carried out in 
a quartz tube 1 0. The quartz tube 1 0 has a gas inlet por- 
tion 12 for allowing gases for purification of carbon nan- 
otubes to flow into the quartz tube 10, and an exhaust 
portion 14 for exhausting the gases used in a purifica- 
tion process. Also, a resistance heater 24 for controlling 
the temperature of thermal treatment in the quartz tube 
10 and maintaining desired temperatures is installed 
around the quartz tube 10. Here, the resistance heater 
24 may be constructed of a resistance coil. Crude car- 
bon nanotubes 30, which need to be purified, are 
loaded onto a quartz boat 4 and positioned into the 
quartz tube 10 as shown in FIG. 1 . 
[0019] FIGS. 2 and 3 are timing charts illustrating 
the control of temperature and the pulsing of gas, 
respectively, in a preferred embodiment of the carbon 
nanotube purification method according to the present 
invention. Referring to FIGS. 2 and 3, first the diffusion 
furnace of FIG. 1 is exposed to a ramp-up step of raising 
the temperature of the quartz tube 1 0 to a target thermal 



treatment temperature T. Before the temperature of the 
quartz tube 1 0 exceeds 400°C, the quartz tube 1 0 hold- 
ing the crude carbon nanotubes 30 is moved into the dif- 
fusion furnace. After loading the quartz tube 1 0 with the 
5 crude carbon nanotube 30 into the diffusion furnace, an 
inert gas is supplied into the quartz tube 10 for the 
ramp-up step at a flow rate of, for example, about 200 to 
500 seem. 

[0020] When the temperature of the quartz tube 1 0 

w reaches the target temperature T, the supply of the inert 
gas is cut off. Then, the thermal treatment process is 
continued for about 10 to 30 minutes at the same tem- 
perature, while supplying an acid gas and a diluent gas 
into the quartz tube 10, to the crude carbon nanotubes. 

15 [0021] Preferably, the acid gas is hydrochloric acid 
(HCI) gas or nitric acid (HN0 3 ) gas. In the case where 
HCI gas is used as the acid gas, hydrogen ions (H+) 
generated by thermal decomposition of HCI remove car- 
bon nanoparticles and carbon particles, and chloride 

20 ions (CI*) etch transition metals. In the case where 
HN0 3 gas is used as the acid gas, hydrogen ions gen- 
erated by thermal decomposition of HN0 3 remove car- 
bon nanoparticles and carbon particles, and N0 3 " ions 
etch transition metals. The acid gas is supplied at a flow 

25 rate of about 30 to 200 seem. 

[0022] Preferably, hydrogen gas is used as the dilu- 
ent gas, for example, at a flow rate of about 60 to 400 
seem. 

[0023] During the thermal treatment the tempera- 
30 ture of the quartz tube 1 0 is kept to be between about 
500 and 1000°C. For the thermal treatment of crude 
carbon nanotubes, the acid gas is thermally decom- 
posed, and various types of particles, such as carbon 
lumps, carbon nanoparticles and transition metal parti- 
35 cles, which were adhered to the surface, tip portion or 
side of the cylindrical graphite portion of the crude car- 
bon nanotubes, are simultaneously removed by the 
decomposed acid gas. 

[0024] After the thermal treatment is completed, the 
AO supply of the acid gas and diluent gas is cut off. Thus, a 
ramp-down step for lowering the temperature of the 
quartz tube 10 is performed, while supplying an inert 
gas, such as argon gas, into the quartz tube 1 0 at a flow 
rate of about 200 to 500 seem. When the temperature of 
45 the quartz tube 1 0 is down to 400°C or less, the purified 
carbon nanotubes are drawn out of the diffusion fur- 
nace. 

[0025] In the drawings and specification, typical 
preferred embodiments of the invention are disclosed 
50 and, although specific terms are employed, they are 
used in a generic and descriptive sense only and not for 
purposes of limitation. 

[0026] In the gas phase purification of carbon nan- 
otubes according to the present invention, crude carbon 
55 nanotubes are purified by an acid gas thermally decom- 
posed in a diffusion furnace. The inventive purification 
method is simple compared to conventional techniques, 
and can effectively remove a variety of impurities within 
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a short period of time, with an excellent degree of purifi- 
cation and high yield. Thus, the inventive carbon nano- 
tube purification method is suitable for a larger scale 
purification. 

[0027] While this invention has been particularly 
shown and described with reference to preferred 
embodiments thereof, it wilt be understood by those 
skilled in the art that various changes in form and details 
may be made thereto without departing from the spirit 
and scope of the invention as defined by the appended 
claims. 

Claims 

1. A method of purifying carbon nanotubes, compris- 
ing purifying carbon nanotubes using an acid gas 
thermally decomposed in a diffusion furnace having 
a tube for thermal treatment. 

2. The method of claim 1 , wherein hydrochloric acid 
gas or nitric acid gas is used as the acid gas. 

3. The method of claim 1, wherein purifying carbon 
nanotubes is carried out at a temperature of 500 to 
1000°C. 

4. The method of claim 1 wherein purifying carbon 
nanotubes is carried out for 10 to 30 minutes. 



tying carbon nanotubes, further comprising a ramp- 
down step of reducing the temperature of the tube, 
while supplying an inert gas into the tube. 

5 14. The method of claim 13, wherein the inert gas is 
argon gas. 

15. The method of claim 13, wherein the inert gas is 
supplied at a flow rate of 200 to 500 seem. 

w 

16. The method of claim 13, wherein, in the ramp-down 
step, the purified carbon nanotubes are drawn out 
of the tube when the temperature of the tube is 
400°C or less. 

15 



5. The method of claim 2, wherein purifying carbon 30 
nanotubes comprises supplying the acid gas along 
with a diluent gas into the tube. 

6. The method of claim 5, wherein the diluent gas is 
hydrogen gas. 35 

7. The method of claim 5, wherein the acid gas is sup- 
plied at a flow rate of 30 to 200 seem. 

8. The method of claim 5, wherein the diluent gas is <o 
supplied at a flow rate of 60 to 400 seem. 

9. The method of any of claims 1 through 8, before 
purifying carbon nanotubes, further comprising a 
ramp-up step of raising the temperature of the tube, 45 
while supplying an inert gas into the tube. 

10. The method of claim 9, wherein the inert gas is 
argon gas. 

so 

1 1 . The method of claim 9, wherein the inert gas is sup- 
plied at a flow rate of 200 to 500 seem. 

12. The method of claim 9, wherein, in the ramp-up 
step, the carbon nanotubes are put into the tube 55 
when the temperature of the tube is 400°C or less. 



13. The method of any of claims 1 through 8, after purl- 
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